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In situ fenestration of aortic stent grafts has the potential to allow for continued perfusion of supra-aortic trunks, without
the need for extra-anatomic bypass, and without the need for custom-made devices. Angulation of the target vessel
relative to the arch is an obstacle to success with this technique. In this report, we describe a case of successful in situ
fenestration of the left subclavian artery (LSA) in a patient with an aortic arch aneurysm, treated with an endovascular
stent graft. We outline a novel technique using through and through wire access and a pre-curved semi-rigid sheath,
which allows successful access to the lumen of the aortic stent graft, despite an acute angle at the take-off of the LSA.
(J Vasc Surg 2010;52:491-4.)Endovascular therapy of aneurysms involving the aortic
arch or proximal descending aorta remains limited by the
need to maintain perfusion to the supra-aortic trunks. The
left subclavian artery (LSA), being the most distal, is often
covered in order to extend the proximal seal zone of an
endovascular stent graft inserted into the thoracic aorta, or
to allow the proximal part of the graft to lie in a relatively
straight part of the arch, to facilitate a haemostatic seal.
Although in the past this artery has been covered almost as
a matter of routine, without revascularization, recent evi-
dence suggests that where possible antegrade flow should
be preserved, to minimize the risk of neurological compli-
cations.1,2 Occlusion of a dominant left vertebral artery can
result in infarction in the posterior circulation distribution,
while the subclavian artery and its branches also contribute
to spinal cord perfusion. Carotid-subclavian bypass, the
standard technique for revascularization when covering the
origin of the artery, usually requires embolization or liga-
tion of the proximal vessel to prevent endoleak from the
covered artery and carries the risks associated with tempo-
rary clamping of the common carotid as well as the inser-
tion of a prosthetic conduit. Chimney stent insertion3 and
in situ fenestration are endovascular alternatives, the latter
being previously described in 2004.4 An endovascular so-
lution does not require clamping or even dissection of the
common carotid artery and allows preservation of ante-
grade anatomical flow, without the need for extra-anatomic
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doi:10.1016/j.jvs.2009.07.088bypass. The technique described for subclavian preserva-
tion can and has been applied to the common carotid5 as
well as the brachiocephalic trunk (unpublished experience),
where preservation of flow is more critical and surgical
means to achieve this are more limited. Despite the inher-
ent attraction of this less invasive, endovascular means of
subclavian perfusion, in situ fenestration has not been
adopted. This case illustrates the technical difficulties posed
by this technique, which, if overcome, might facilitate its
use in more patients, allowing a total endovascular ap-
proach to managing aneurysmal disease of the thoracic
Fig 1. Computed tomography scan showing a 5.5 cm saccular
aneurysm of the thoracic aorta, originating from the lesser curve of
the arch. The acute angulation between the LSA and the aorta is
also seen.aorta.
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A 75-year-old female, with no significant past medical
history of note, presented for investigation of hemoptysis.
An inflammatory lesion was found in the right main bron-
chus that was proved on biopsy to be benign. However,
computed tomography (CT) of the thorax demonstrated a
saccular aneurysm on the concave aspect of the aortic arch,
with maximal diameter of 5.5 cm (Fig 1). A bovine config-
uration of the arch vessels was noted, with common origin
Fig 2. (a) The partially deployed stent graft is positio
access, and a rigid 7 Fr trochar is positioned adjacent to th
The obturator is withdrawn from the needle and replaced
followed by a series of cutting balloons (c). (d) The 0.01
8 Fr sheath was delivered across the fenestration. With th
deployment was completed, in order to optimize alignme
across the fenestration was then deployed and subsequentlyof the left common carotid artery and brachiocephalictrunk. Exclusion of the aneurysm was planned using a
thoracic stent graft (Cook Inc, Bloomington, Ariz) with a
proximal diameter of 38 mm, non-tapered, and 127 mm in
length. It was planned to extend the stent graft from a point
proximal to the LSA into the descending aorta, with in situ
fenestration of the LSA.
TECHNIQUE
The LSA, distal to the internal mammary artery origin,
following establishment of through-and-through wire
nt graft, which is then punctured with a 22G needle. (b)
a 0.014-in wire, over which a larger needle is passed and
wire was replaced with a stiff 0.035-in wire and a larger
loon-mounted stent in position, the thoracic stent graft
the fenestration with the target vessel. The covered stent
d with a high pressure balloon to complete the process (e).ned
e ste
with
4-in
e bal
nt of
dilatewas exposed in the supraclavicular fossa and cannulated
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this access point in the LSA were difficult due to tortuosity
of the artery as well as angulation of its takeoff from the
aorta. This was compensated for by repositioning the 7 Fr
sheath more proximally in the paravertebral subclavian
artery. This permitted the passage of a 0.014-in wire guide
from the LSA and into the descending aorta, where it was
snared from the left groin and retrieved, allowing through
and through access from the LSA to the left groin. The
thoracic stent graft was delivered in the standard fashion
from a percutaneous approach in the right groin and posi-
tioned with the top of the fabric just distal to the common
origin of the left common carotid artery and the brachio-
cephalic trunk. The thoracic stent graft was unsheathed,
but the proximal trigger wire was kept in place, to provide
stability for the stent graft and to allow us to control its
position during the process of fenestration. The subsequent
steps are summarized in Fig 2. The 7 Fr sheath was replaced
with a shortened modified sheath taken from a transjugular
biopsy kit (William Cook Europe, Bjaeverskov, Denmark),
which contains a rigid stainless steel inner cannula. This was
first modified by cutting the sheath and inner cannula to 9
cm in length, curving the sheath, and placing a valve on the
proximal end. The through-and-through wire facilitated
placement of this stiff 7 Fr sheath, adjacent to the stent
graft. A pre-curved 22 gauge spinal needle was guided
through the sheath, parallel to a 0.014-in guidewire to abut
the stent graft. Following removal of the obturator, the
graft material was pierced and a 0.014-in guide wire was
advanced through the aperture and into the ascending
aorta, after which the through and through wire was with-
drawn (Fig 3). The initial aperture was then widened by the
use of a similarly pre-curved 18-gauge needle, after which a
3 mm  15 mm and subsequently a 5 mm  15 mm
cutting balloon (Interventional Technologies Europe Ltd,
Letterkenny, Ireland) were used to create the fenestration,
which was then further expanded with a 8 mm  40 mm
Fig 3. The modified TIPS sheath, which has an inner metal core.
It has been bent into the desired shape and allows a spinal needle to
be safely introduced to the level of the graft, which is then
punctured and accessed with an 0.014-in wire.balloon (Powerflex; Cordis, Berkshire, UK). The 0.014-inwire was then substituted with an Amplatz wire (Boston
Scientific, Paris, France) and the modified TIPS sheath
was withdrawn and replaced with a longer 8 Fr sheath
(Cordis), which was advanced to the arch, and through
which a 9 mm  38 mm balloon expandable covered
stent (Atrium Medical Coorporation, Hudson, NH) was
passed and positioned across the fenestration. With the
sheath still in place, the trigger wire on the main device
was released and the graft fully deployed and then ex-
panded with a non-compliant balloon (CODA; William
Cook Inc, Bloomington, Ill). The balloon expandable
stent was then deployed. However, owing to difficulty
visualizing the tip of the 8 Fr sheath, the covered stent
graft was, unintentionally, partially deployed in the
sheath, and when this became apparent at the last stage
of deployment, the stent and sheath were both with-
drawn cranially to avoid the stent slipping into the aorta.
As this resulted in inadvertent placement of the stent too
proximally, a second balloon-expandable 9 mm  40
mm stent was required to complete the in situ fenestra-
tion. The covered stents were then post-dilated with a
high pressure 10-mm PTA balloon (Conquest, CR Bard
Inc, Temple, Ariz). A completion angiogram was per-
formed that confirmed exclusion of the aneurysm sac and
good flow through the stented in situ fenestration to the
Fig 4. Completion angiogram shows good position of the cov-
ered stents allowing perfusion of the left subclavian artery, while
the fully deployed thoracic stent graft has excluded the previously
perfused aneurysm.LSA (Fig 4).
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The present case differs from the previously reported
case of in situ fenestration in that the angle between the
LSA and the aortic arch was more acute (40 degrees),
which made puncturing the fabric of the stent graft techni-
cally more challenging. Where the LSA comes off perpen-
dicular to the arch, a relatively ‘straight shot’ from the
access site in the LSA will mean that the path of least
resistance for the back end of a wire or a needle will likely be
through the graft fabric. Where the LSA comes of at an
acute angle, the needle or wire will tend to glance off the
graft fabric, tear it, or pass parallel to the stent graft.
Minimizing tortuosity optimizes the chances of pushing a
needle through the graft fabric, at a point adjacent to the
ostium of the LSA. For this reason, the LSA was re-
punctured to place the access site more proximally, adjacent
to the vertebral artery, to allow a straighter line of approach
to the stent graft. Instead of placing a balloon at the ostium
of the LSA, and puncturing the stent graft with the back
end of a guide wire, as previously described, we aimed to
use a rigid sheath to direct the needle into the graft. For this
reason we established through and through access between
the LSA and the right femoral artery in order to facilitate
the delivery of the semi-rigid pre-curved (on-table) sheath,
and to minimize the risk of trauma to the artery from this
device. Furthermore, the stent graft itself was not fully
deployed until after the in situ fenestration was completed,
maintaining perfusion to the LSA at all times. Maintaining
attachment of the thoracic stent graft to the delivery system
affords some stability to the graft, which might otherwise
be buckled or kinked by the puncturing needle during the
fenestration process. This also has the advantage of allow-
ing access to the arch, so that a chimney stent can be placed
or an extra-anatomic bypass performed, in case of unsuc-
cessful in situ fenestration. This is particularly relevant
when the common carotid artery is the target vessel.
Acute angulation of the subclavian artery relative to the
arch makes in situ fenestration technically challenging, yetfeasible, not only for the subclavian artery but also for the
common carotid artery.5 On the basis of this report, we
advise access to the LSA at the paravertebral level in order
to minimize tortuosity, the use of a through and through
wire to facilitate delivery of a precurved semi-rigid sheath
adjacent to the stent graft, and a fine precurved needle to
puncture the graft fabric in a controlled fashion.
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